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Abstract
The purpose of this project was to analyze the feasibility of building a new plant intended to
produce 50,000 metric tons per year of maleic anhydride. As per request, the plant will be contracted in
Sweeny, Texas with a total of 180 acres of land available for use. A review of all potential reactants led to
the decision to use n-butane for this production. This process will utilize a 304 stainless steel stripping
column to separate the gas from the desired product, followed by two 304 stainless steel distillation
columns enabled to produce the maleic anhydride product. In addition, a total of five heat exchangers, two
compressors, and a reactor are necessary for production. Furthermore, a pump will be employed to assist
the introduction of the dibutyl phthalate solvent as it is recycled throughout the process. The plant will
require a total capital investment of approximately $19.7 million to cover expenses such as equipment,
manufacturing, utilities, and labor. Furthermore, it is estimated that the plant will maintain a return on
investment of roughly 16.1% with a payback period achieved within about a year and four months. This
process is estimated to earn a total of $16 million after taxes annually with a venture profit expected to
reach $12.9 million. An analysis on safety of the plant was also conducted.
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Reactant Selection
Prices
Table 1: Price and Selectivity Options
Chemical

Benzene

N-butane

Butene

Maleic
anhydride

Price ($/kmol)

155.83

98.80

42.06

151.33

Selectivity (%)

65

70

40

-

Supply Chain Analysis
The demand for Maleic Anhydride is predicted to increase over the next few years. The global
annual rate of predicted growth according to Markets and Markets is going to be 6.8% between
2015 and 2020 [6]. Though the global rate is thought to be slightly higher than the growth rate
of the United States, a national growth of at least 4% is predicted. [7] Some of this growth is
attributed to an increase of MAN as a reactant to produce copolymers in the United States,
allowing for selling nationally to remain a valid option. The biggest product market growth
globally is expected to be seen in the unsaturated polyester resins production. This is mainly
driven by its increasing use in automotive, marine, and construction industries. Huntsman
Corporation is one example of a similar Texas company selling maleic anhydride that confirms
this predicted market.
Historically the MAN market has been fairly stable, but there was a drop of consumption
in 2007 that lasted almost two years. This coincides with the housing market crash that
happened at this time, which is likely the cause. Another economic crisis such as that is not
foreseeable in the near future and likely will not pose a large enough risk to cause concern.
We will be making MAN from n-butane. The n-butane market is expected to rise over
the next few years, therefore it will increase at least as much as the increase of the MAN market.
The prices of n-butane over the past few years has not been as stable and appears to be
continuing to increase as the demand increases [8] and [9]. However, it is still a sensible option
as most petroleum and natural gas products that would be considered reactant options will have
the same price instability. Nearby butane suppliers that service the area include Texas Butane
Co. Inc. and Phillips 66.
The natural gas market from which the n-butane will be supplied looks similar to the
n-butane market. Prices fluctuate continuously and saw a large spike around the economic crisis
in 2007. As mentioned above, it will likely continue to rise in prices although the supply is
looking to increase some as well [10].
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Because unsaturated polyester resins are the largest portion of the MAN consumers it is
important to ensure its market stability. Between 2015 and 2020 it is expected that the
unsaturated polyester resin market will have an annual growth rate of 5.59% globally .
Unsaturated polyester resins are largely used in DCPD resin production, which will be used in
construction, marine, and automobile industries. The global annual growth rate of the DCPD
resins is expected to be 6.7% as their low VOC emissions are leading to a growing use over
Orthophthalic resins [11].
Reaction Paths
N-butane to Maleic Anhydride

Figure 1: Pathway taken to convert n-butane into MAN

Table 2. N-Butane Feedstock Properties.
Catalyst

Vanadium phosphorus-oxide catalyst
supported on silica.

Exothermic or Endothermic?

Exothermic

Reaction Temperature

400°C

Reaction Pressure

170 kPa

Selectivity

70%

Conversion

94%

Cost

98.8 $/kmol
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Activation energies for reactions

Figure 2: Reaction of butane with Oxygen.
Butene to Maleic Anhydride
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Table 3: Butene Feedstock Properties
Butene to Maleic Anhydride Reaction
V2O5-H3PO4 catalyst

Catalyst
Reaction of Type

Exothermic

Temperature

350-400 °C

Pressure

200-300 kPa

Selectivity

45-60%

The final anhydride is roughly 99% pure.

Benzene to Maleic Anhydride

Figure 3 : Maleic anhydride is produced by the controlled air oxidation of benzene.
Table 4: Benzene Feedstock Properties
Benzene to Maleic Anhydride Reaction

Exothermic or Endothermic?

Exothermic

Reaction Temperature

400-450°C

Reaction Pressure

2-5 bar

Selectivity

60-65%

Conversion

85-95%
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Flow Sheet

Figure 4: Final flowsheet for the proposed process of maleic anhydride with equipment ID and stream
ID.

The n-butane feed comes from a sister facility on the site. Stream 7 consists of primarily n-butane and air
and will be sent to the flare. Streams 6 and 14 consist largely of water and will be sent to a waste recovery
system. Stream 12 contains the maleic anhydride product and will be sent to storage. Stream 24 is the
dibutyl phthalate recycle that will be sent to a tank that contributes to Stream 9. Not shown in this figure
are emergency shut-off valves, pressure relief systems, a cooling jacket around the reactor, and other
safety control systems that would be put into place.
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Table 5: Legends and Description for Final Flow Sheet.
Equipment ID

Flow Chart Image

Description

R1

Equilibrium Reactor

HEX1
HEX2
HEX3
HEX4
HEX5

Heat Exchanger

SC1
DC1
DC2

Stripping Column
Distillation Column

C1
C2

Compressor

FC1

Flash Column

Pump
P1
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Below is a simplified overview of the proposed plant design. This includes the layout of our
auxiliary buildings such as a storage area, stock room, control room, main office, utility room, laboratory,
cafeteria, and loading area for transport our product. The allocated cost for these auxiliary buildings is
$86,000 and the cost for our site preparation is $77,500.

Figure 5: Overview of plant site to include auxiliary buildings.
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Equipment and Sizing
The following tables (Table 6 & Table 7) include sizing information for the unit operations that
are in the process.

Table 6: Data for reactor and columns.
Flowsheet ID

R1

SC1

DC1

DC2

FC1

Unit Op

Equilibrium
Reactor

Stripping
Column

Distillation
Column 1

Distillation
Column 2

Flash Column

Diameter (m)

1.25

2.03

2.74

3.05

2.89

Height/Length
(m)

3.75

12.19

12.19

18.29

2.87

Volume (m3)

4.6

39.45

71.88

133.63

18.93

Area (m2)

17.18

84.21

116.72

189.86

39.17

Trays

N/A

20

18

28

N/A

Table 7: Heat exchanger data.
Flowsheet ID

HEX1

HEX2

HEX3

HEX4

HEX5

Unit Op

Heat
Exchanger 1

Heat
Exchanger 2

Heat Exchanger
3

Heat
Exchanger 4

Heat Exchanger
5

Duty (MJ/hr)

1370

24710

18350

4729

70481

Process
Temp. In (K)

275

658

401

494

629

Process
Temp. Out
(K)

400

380

300

328

400
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Table 7 details the five heat exchangers that are being used in this process. The table includes the
heat exchanger duty, the process temperature in, and the process temperature out. This data has been
taken from the ChemCad simulation.

Figure 6: Heat recovery network for our process
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Table 8. Pinch Analysis

Pinch Analysis
Stream

T Source (K)

T Target (K)

M Cp (Btu/h F)

Q (Btu/h)

C1

275

400

1,487

334,900

H1

673

380

11,480

6,057,000

H2

400

265

13,290

3,243,000

H3

492

328

3,081

910,200

H4

630

400

4,089

1,089,200
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Stream Properties
Table 9 below lists all of the streams in the process and their flow rates. The flow rates of
all the components in each stream and the mass fractions of the components in the stream are
also included in the table. The stream data has been taken from the ChemCad simulation.

Table 9: Streams & Stream Compositions.
Stream
Number

Total Mass
Flow Rate
(kg/hr)

Mass Flow Rate of
Components (kg/hr)

1

68,693

Oxygen: 15999.498
Nitrogen: 52694.332

Weight Fractions of
Components

Temperature
of Stream
(K)
273

16

2

5,821

N-Butane: 5527.88
Propane: 19.41
Isobutane: 195.83
N-Pentane: 78.21

273

3

69092.23

N-Butane: 969.84
Maleic Anhydride: 108.86
Carbon Monoxide:437.78
Carbon Dioxide: 2059.69
Water: 5602.18
Oxygen: 6114.36
Nitrogen: 52673.85
Acrylic Acid: 376.13
Formic Acid: 309.77
Dibutyl Phthalate:151.00
Propane: 19.28
Isobutane: 193.66
N-Pentane: 75.84

401

4

74515.05

N-Butane: 983.96
Maleic Anhydride: 5366.16
Carbon Monoxide:437.95
Carbon Dioxide: 2064
Water: 5633.48
Oxygen: 6118.14
Nitrogen: 52694.33
Acrylic Acid:563.38
Formic Acid:359.82
Propane:19.40
Isobutane:195.82
N-Pentane:78.21

673

17

5

144597

N-Butane: 14.12
Maleic Anhydride: 5257.29
Carbon Monoxide:0.1624
Carbon Dioxide: 4.67
Water: 31.299
Oxygen: 3.79
Nitrogen: 20.45
Acrylic Acid:187.25
Formic Acid: 50.05
Dibutyl Phthalate: 139023
Propane: 0.124
Isobutane: 2.18
N-Pentane: 2.37

403

6

6049

N-Butane: 14.12
Maleic Anhydride: 5257.29
Carbon Monoxide:0.1624
Carbon Dioxide: 4.67
Water: 31.299
Oxygen: 3.79
Nitrogen: 20.45
Acrylic Acid:187.25
Formic Acid: 50.05
Dibutyl Phthalate: 139023
Propane: 0.124
Isobutane: 2.18
N-Pentane: 2.37

273

7

63044

N-Butane: 968.82
Maleic Anhydride: 0.52
Carbon Monoxide: 437.79
Carbon Dioxide: 2059.48
Water: 233.64
Oxygen: 6114.33
Nitrogen: 52673.80
Acrylic Acid: 51.03
Formic Acid: 215.91
Propane: 19.28
Isobutane: 193.54
N-Pentane: 75.59

273

18

8

69092

N-Butane: 969.84
Maleic Anhydride: 108.86
Carbon Monoxide:437.79
Carbon Dioxide: 2059.69
Water: 5602.18
Oxygen: 6114.35
Nitrogen: 52673.88
Acrylic Acid:376.12
Formic Acid: 309.77
Dibutyl Phthalate: 151.00
Propane: 19.28
Isobutane: 193.65
N-Pentane: 75.84

300

9

139174

Dibutyl Phthalate: 139174

400

10

139174

Dibutyl Phthalate: 139174

400

19

11

5821

N-Butane: 5527.88
Propane: 19.41
Isobutane: 195.83
N-Pentane: 78.21

400

12

5394

Maleic Anhydride: 5252.04
Acrylic Acid: 2.84
Formic Acid: 0.012
Dibutyl Phthalate:139.02

328

13

5821

N-Butane: 5527.88
Propane: 19.41
Isobutane: 195.82
N-Pentane: 78.21

275

20

14

319

N-Butane: 14.12
Maleic Anhydride: 5.24
Carbon Monoxide: 0.16
Carbon Dioxide: 4.67
Water: 31.29
Oxygen: 3.79
Nitrogen: 20.45
Acrylic Acid: 184.41
Formic Acid: 50.03
Propane: 0.12
Isobutane: 2.18
N-Pentane: 2.37

404

15

144278

Maleic Anhydride:
Acrylic Acid: 2.84
Formic Acid: 0.012
Dibutyl Phthalate: 139023

578

16

74515

N-Butane: 983.96
Maleic Anhydride: 5366.16
Carbon Monoxide:437.95
Carbon Dioxide: 2064
Water: 5633.48
Oxygen: 6118.14
Nitrogen: 52694.33
Acrylic Acid:563.38
Formic Acid:359.82

380

Propane:19.40
Isobutane:195.82
N-Pentane:78.21

21

17

5394

Maleic Anhydride: 5252.04
Acrylic Acid: 2.84
Formic Acid: 0.01
Dibutyl Phthalate: 139.01

494

18

138884

Dibutyl Phthalate: 138884

629

20

68694

Oxygen: 15999.49
Nitrogen: 52694.33

279

22

21

74515

N-Butane: 983.96
Maleic Anhydride: 5366.16
Carbon Monoxide:437.95
Carbon Dioxide: 2064
Water: 5633.48
Oxygen: 6118.14
Nitrogen: 52694.33
Acrylic Acid:563.38
Formic Acid:359.82
Propane:19.40
Isobutane:195.82
N-Pentane:78.21

658

24

138884

Dibutyl Phthalate: 138884

400

Equipment Properties
The specification sheets for Figure 7 through Figure 16 are displayed below. These data sheets
are formulated to include the operating conditions and design of each unit operation in the process.
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Figure 7: Specification sheet for reactor (R1).

24

Figure 8: Specification sheet for stripping column (SC1).
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Figure 9: Specification sheet for distillation column 1 (DC1).
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Figure 10: Specification sheet for the Flash Column (FC1).
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Figure 11: Specification sheet for distillation column 9 (DC9).
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Figure 12: Specification sheet for heat exchanger 1.
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Figure 13: Specification sheet for heat exchanger 2.

30

Figure 14: Specification sheet for heat exchanger 3.

31

Figure 15: Specification sheet for heat exchanger 4.

32

Figure 16: Specification sheet for heat exchanger 5.
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Capital Investment
The costs that make up the total capital investment are recorded in the tables below (Table Va &
Vb through Table XI). The total capital investment is how much money we need to have or borrow in
order to start production of the plant. Total capital investment includes the total fixed capital, working
capital and additional capital requirements.The total fixed capital refers to the investment required for the
site construction and includes all unit operations for the process. The working capital incorporates the
funds required for getting the plant into operation, utilities, and waste disposal. The additional capital
requirements include catalyst cost, royalties, land cost depreciable capital. The total capital investment
(CTCI), as can be seen in Table XI, is just over 19.7 million dollars.

34

Table Va: Bare module cost of fabricated equipment.
Number

Code

Type

Size

CB

BMF

BMC $

1

R1

Reactor

11,310 lb

108,318

1.7

173,300

2

HEX1

Heat Exchanger

1.17 m2

4,196

3.29

13,810

3

HEX2

Heat Exchanger

37.02 m2

13,240

3.29

43,550

4

HEX3

Heat Exchanger

44 m2

19,960

3.29

65,680

5

HEX4

Heat Exchanger

14.79 m2

6,601

3.29

21,700

6

HEX5

Heat Exchanger

103.99 m2

5,668

3.29

18,650

7

SC1

Stripping column

3103 lb

74,244

4.16

319,247

8

DC1

Distillation column

8,119 lb

116,911

4.16

502,719

9

DC2

Distillation column

14,500 lb

170,161

4.16

731,691

10

FC1

Flash column

11,780lb

106,997

1.7

181,895

11

RB1

Reboiler

51 MBTU/hr

920

1.3

1,196

12

RB2

Reboiler

21 MBTU/hr

418

1.3

544

13

C1

Condenser

7.8 ft2

2,617

3.29

8,609

14

C2

42 ft2

4,701

3.29

15,470

Condenser

Total

2,098,061

Table Vb: Bare module cost of process machinery.
Number

Code

Type

Size

CB

BMF

BMC $

1

COMP 1

Compressor

147.4 hp

151,186

2.15

325,050

2

COMP 2

Compressor

6.00 hp

6,459

2.15

13,887

3

PUMP 1

Pump

640 gpm

16,170

2.0

32,340

Total

371,277
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Table VI: Computation of Total Bare Module Investment
Description

Computation

BMC

CFE

Table I.a

2,098,061

CPM

Table I.b

371,277

CSPARES

20% PM

74,255

CSTARTUP

5% FE

104,903

CSTORAGE

5% FE

104,903

CCATALYST

See Note 1

39,840

CCOMP

See Note 2

75,000

CTBM

Total

2,868,239

Table VII: Cost of Allocated Utilities
Utility

Production

Method

Cost

Electricity

0.115 MW

2.6 106  S0.83

$431,870

Cooling Water

1,136 gpm

1000 S0.68

$119,600

Liquid Waste Disposal

1685 gph

49.2 S

$82,900

Total

$634,370
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Table VIII: Cost of Direct Permanent Investment
Description

Method

Cost

CTBM

Table II

2,868,239

Site preparation

10% Cost of Land

77,590

Auxiliary buildings

3% of TBM

86,047

Product and Raw

1.8% of TBM

51,628

Electric substation

1% of TBM

28,682

Allocated utilities

Table III

634,370

Total, CDPI

CTBM+Csite+Cbuild+
Calloc+Cprod+Celectric

3,746,556

Table IX: Cost of Total Depreciable Capital
Description

Method

Cost

Contingencies

13% of CDPI

487,052

Total, CDPI

Table IV

3,746,556

Total Depreciable Capital
(CTDC)

Contingencies + CDPI

4,233,608
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Table X: Total Permanent Investment
Description

Method

Cost

Total Depreciable Capital
(CTDC)

Table V

4,233,608

Cost of Land[Note 3]

Purchased

775,900

Royalties (catalyst)[Note 4]

One time fee

1,000,000

Startup costs

5% of TDC

211,680

Total Permanent Investment

6,708,240

Table XI: Summary of Total Capital Investment
Description

Name

Includes

Cost $

Bare Module

CTBM

CFE+CPM+Cspare+
Cstartup+Cstorage+
Ccatalyst+Ccomp

2,868,239

Direct Permanent
Investment

CDPI

CTBM+Csite+Cbuild+
Calloc+Cprod+Celectric

Total Depreciable
Capital

CTDC

CDPI+Ccont

4,233,608

Total Permanent
Investment

CTPI

CTDC + Cland + Croy +
Cstartup

6,708,240

Working Capital

WC

Cash-Manufacturing
expenses

12,958,751

Total Capital
Investment

TCI

CTPI + WC

19,666,991

3,746,556
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Cost of Manufacturing
By recycling the dibutyl phthalate throughout the process, we can conserve nearly 90% of
the solvent, thus effectively reducing the annual consumption per year. This reduction helped
ensure a lower long term cost of raw materials by thousands. For this production process, the
feed material n-butane is the most expensive raw material as seen in Table XII. The cost of this
raw material is inflated due to its high demand in industry.

Table XII: Cost of Raw Materials
Name

Consumption

Price/unit

Cost $/yr

n-butane

56,212 tons/yr

754 $/ton

42,210,000

oxygen

64,160 tons/yr

0 $/kmol

$0

Dibutyl phthalate

2,402 tons/yr

1300 $/tonne

3,123,000

Total cost of Raw
Materials

45,330,000

Furthermore, additional costs pertaining to the overall manufacturing expense were
calculated and detailed below. The manufacturing route for this production involves the use of
four main utilities; the annual cost of each service was calculated as a function of consumption
and their respective unit price as detailed in Table XIII.
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Table XIII: Cost of Utilities
Name

Consumption

Price/unit

Cost $/yr

Cooling Water

2,244,000 m3/year

$0.3/m3

673,200

 astewater
W
Treatment

47,730,000 kg/year

$0.33/kg

15,503,400-

Natural Gas

29,640,000 ft3/yr

$0.14/st m3

117,500

Electricity

997,700 kW/year

$0.10 kW-h

99,770

Total cost of
Utilities

16,393,870

Now that utilities and raw materials were determined, an estimated budget for labor
needed to be recorded. This plant will require the professional skill of four operators, each
earning an estimated $50 per hour on a typical 2080 hour per year work schedule. There exists a
total of five shifts to cover factors such as illness, training, overtime, or special assignments that
may affect the operators. Table X displays expenses related to the cost of labor, supplies, and
supervision.

Table XIV: Cost of Labor, Supervision, and Supplies
Item

Computation

Cost ($/yr)

WD&B

Page 28

Supervision SDW&B

0.15 of DW&B

312,000

Supplies

0.06 of DW&B

124,800

Technical Assistance

$60000Nop

240,000

Control Laboratory

$60000Nop

240,000

2,080,000
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2,997,000
Finally, an approximate of the upkeep of the plant and its employees were calculated.
Table XV showcases the annual cost expected to maintain a safe, adequately functioning
process. The salaries of the employees were also taken into consideration with benefits included.
Other factors that contributed to the overall annual cost of maintenance included materials and
overhead as each component would require additional resources overtime.

Table XV: Cost of Maintenance
Item

Computed

Cost $/yr

Maintenance, Wages, &
Benefits (MW&B)

0.035 of TDC

148,176

Salaries

0.25 of MW&B

37,044

Materials

1.0 of MW&B

148,176

Overhead

0.05 of MW&B

1,852
335,248

Economic Analysis
The team set out to determine whether the production of 50,000 metric tons of maleic
anhydride production annually was a practical process. Our return on investment of 16.1%
(14.6% higher than prime rate of interest) with a payback period of a year and 4 months makes
the construction of this plant feasible and a low risk to the company. The production of maleic
anhydride from the partial oxidation of n-butane in a fixed bed reactor is a common alternative
process in the industry, gaining traction due to its lower material price compared to the
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traditional route material of benzene. The global annual rate of predicted growth is predicted to
grow to 6.8% between 2015-2020. Though the market for maleic anhydride is predicted to grow,
it is also worth noting that the cost of n-butane has not been historically stable. Though the
current data indicates a profitable production plant, a drastic increase in n-butane prices will
render the project impractical. To combat this factor, a n-butane recovery system will be
included to ensure the plant can adapt to unforeseen cost changes yet remain plausible.
The main risk associated with this process utilizing butane is flammability since butane is
otherwise an environmentally friendly chemical; to combat this issue, operations below the low
flood level. In addition, economic growth may be a factor in the potential increase in the cost of
butane, however a projected rise in maleic anhydride costs will ensure profitability. Regardless
of the potential financial gain of this process, the team would not recommend this process until
further investigation regarding the n-butane recycle system is performed,

Plant Safety Analysis
OSHA's Hazard Communication Standard (HCS)[14]
OSHA's Hazard Communication Standard (HCS) operated under the understanding that
employees have both a need and a right to know the identities and hazards of the chemicals they
are exposed to when working. They also need to know what protective measures are available to
prevent detrimental effects from occurring. OSHA designed the HCS to provide employees with
the information they need to know. When employees have information about the chemicals being
used, they can take steps to reduce exposures, substitute less hazardous materials, and establish
proper work practices.
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Under the Hazard Communication Standard, our plant is required to provide a standard of
chemical awareness and training of our employees in order to create the safest, most effective
environment possible. In order to do this and comply with OSHA regulations, we will create a
Hazard Communication Program (HCP) that will be implemented in our plant. These efforts will
help prevent the occurrence of work-related illnesses and injuries caused by chemicals. The steps
we will take and include in our HCP will include the following according to the guidelines
OSHA has laid out:

Preparing and Implementing a Hazard Communication Program
The HCS requires information to be prepared and transmitted regarding all hazardous chemicals.
The HCS covers both physical hazards (such as flammability) and health hazards (such as
irritation, lung damage, and cancer). We will produce a list of all chemicals in the workplace.
The list will serve as a comprehensive inventory of all chemicals in the plant. It will also include
who is responsible for the various aspects of the program in our facility. The written program
will describe how the requirements for labels and other forms of warning, materials safety data
sheets, and employee information and training, are going to be met in our facility.

Labels and Other Forms of Warning
In-plant containers of hazardous chemicals must be labeled, tagged, or marked with the identity
of the material and appropriate hazard warnings. Chemical manufacturers, importers, and
distributors must ensure that every container of hazardous chemicals they ship is appropriately
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labeled with such information and with the name and address of the producer or other
responsible party.

Material Safety Data Sheets
The respective MSDS’s for all chemicals in the plant will be obtained. The MSDS’s for all
chemicals will be available to all employees at all times through both electronic and paper
copies. The buyers will be provided with the MAN MSDS.

Employee Information and Training
Each employee who may be "exposed" to hazardous chemicals when working must be provided
information and be trained prior to initial assignment to work with a hazardous chemical. We
will provide generic hazard training and information concerning categories of chemicals our
employees may potentially encounter. We will provide site-specific hazard training to be in
compliance with sections 1910.1200(h)(1) and 1926.59.

We will use the following checklist to make sure that our written communication standard is in
compliance with OSHA’s Hazard Communication Standard (HCS):
i.

Obtain a copy of the rule.

ii.

Read and understood the requirements.

iii.

Assign responsibility for tasks.

iv.

Prepare an inventory of chemicals.

v.

Ensured containers are labeled.
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vi.

Obtain MSDS for each chemical.

vii.

Prepare a written program.

viii.

Have MSDSs available to workers.

ix.

Conduct training of workers.

x.

Establish procedures to maintain current program.

xi.

Establish procedures to evaluate program effectiveness.
Appendix

Notes
The plant functions under these assumptions:

[Note 1] This cost estimate is based off of the price of a similar vanadium oxide catalyst from
Alibaba chemical website.

[Note 2] This is a rough estimate for the computer systems necessary to monitor parameters
(temperatures, pressures, tank level, etc.) throughout the production process (reactor, distillation
columns, and storage tanks).

[Note 3] The cost of land is for the acreage itself and does not include any leveling of the land,
removing existing buildings, trees, etc.

[Note 4] This is assuming that we will have to pay a one-time royalty fee of 1 million dollars for
the use of the catalyst in our process.
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